Abstract Metabolic syndrome (MS) is a cluster of metabolic alteration associated with a higher risk of cardiovascular disease and overall mortality than the single alterations alone. The Italian Mediterranean Diet (IMD) can exert a positive effect on cardiovascular risk and related morbidity and mortality. The aim was to evaluate the benefits of dietary intervention based on a typical IMD on body composition, cardiometabolic changes and reduction in cardiovascular disease in patients with MS. Eighty White Italian subjects with MS were prescribed a balanced hypocaloric IMD. We investigated dietary habits and impact of the diet on health status, blood biochemical markers, anthropometric measurements and body composition during a 6-month followup period. Body composition, fat mass and distribution were assessed by Dual X-ray absorptiometry. Adherence to the IMD led to a decrease in body weight (102.59 ± 16.82 to 92.39 ± 15.94 kg, p \ 0.001), body mass index (BMI) (38.57 ± 6.94 to 35.10 ± 6.76, \0.001) and waist circumference (112.23 ± 12.55 vs 92.42 ± 18.17 cm, p \ 0.001). A significant loss of total body fat especially in waist region was observed. The MS was resolved in 52 % of the patients. Significant improvements in systolic and diastolic blood pressure and fasting glucose occurred. Low-density lipoprotein cholesterol was reduced from 128.74 ± 33.18 to 108.76 ± 38.61 mg/dl (p \ 0.001), triglycerides from 169.81 ± 80.80 to 131.02 ± 63.88 mg/dl (p \ 0.001). The present results suggest that a dietary intervention based on a typical IMD effectively promotes weight loss and reduces the growing burden of cardiovascular risk factors that typifies patients with MS.
Introduction
High blood glucose is the third leading cause of premature mortality globally [1] . The general focus of diabetes prevention has concentrated on intervening among individuals at high risk for the disease. Several authors have estimated that a 1 % decrease in BMI across the United States population would prevent more than 2 million new cases of diabetes over the next 20 years [2] . Therefore, high-risk management strategies remain important as long as the disease is widely prevalent, and intervention to target population level behavior is critically needed.
To this aim, the clustering of certain metabolic factors (e.g., abdominal obesity, dyslipidemia and elevated blood pressure) linked to insulin resistance (e.g., MS) has been documented to identify patients at increased risk for type 2 diabetes, as well as CVD and overall mortality [3, 4] . These metabolic abnormalities contribute to a pro-inflammatory/ pro-thrombotic state that likely plays a pivotal role in both pathogenesis and complications of atherosclerosis, leading to the clinical CVD (e.g., myocardial infarction and stroke).
The MS is a growing health problem worldwide with a prevalence in developed countries estimated at 25-35 % of adults [5, 6] . This variability essentially depends on the diagnostic criteria (ATP III, IDF and WHO) for MS and the sampled population [7] . An estimated increase in up to 35 % in prevalence, in parallel with the increasing prevalence of obesity and diabetes, was observed in the last two decades. A similar increase has also involved the Mediterranean population [8] .
Although a unifying definition of the MS does not exist [9] [10] [11] , there is a worldwide agreement about the role of insulin resistance and abdominal obesity as the main pathophysiological mechanisms for the development of metabolic disorders characterizing the MS [8] .
Lifestyle changes (LC) interventions, such as dietary changes and physical activity, have a main role in treatment of the MS [9] . Given the rising prevalence of the syndrome, a dietary approach is among the LC that might significantly help prevent and treat the metabolic imbalance.
Since the studies first showing longer life expectancy in the Mediterranean region [8] , observational studies have provided evidence that adherence to a MD is associated with lower risk for CVD [12] [13] [14] . The MD is typically rich in fruit, vegetables, legumes, whole grains, fish and low-fat dairy products. Mechanisms responsible for these favorable effects are multiple and interrelated: antioxidant and anti-inflammatory properties [15] , lower arterial blood pressure levels and blood lipid concentrations, reduced body weight [16] .
The aim of this study was to evaluate the effect of Italian Mediterranean Diet (IMD), the so-called Nicotera Diet [17, 18] , on prevalence of MS, as well as its determinants (blood pressure, waist circumference, glycaemia and lipid metabolism) and body composition in subjects presenting to a center for management of obesity-related diseases.
Materials and methods

Study design
We used prospective, cohort design with repeated measures. After screening and subject selection they entered a baseline period. After baseline measurements subjects were entered the intervention period and were followed at 4-week intervals. Final assessment was made at 6 months. Patients who did not complete the 6-month dietary regimen were considered non-compliant and excluded from further study. In our case-control study, patients were used as controls of themselves.
Subjects
Between March 2009 and February 2010, 105 obese subjects with suspected MS according to the current International Diabetes Federation guidelines for metabolic syndrome [6] were screened by medical and nutritional staff of the Obesity Centre of Nicotera Hospital (VV, Italy). Subjects with a history or symptoms of coronary artery, cerebrovascular or peripheral artery disease, heart failure, renal or hepatic diseases or smoking were excluded, as well as those with established type 2 diabetes. Renal disease was defined as serum creatinine [1.5 mg/dl or albuminuria [300 mg/dl. It was ascertained that none were taking lipidlowering or antidiabetic medications, insulin, nitro derivatives or systemic corticosteroids.
At baseline, subjects underwent complete medical history review (e.g., health status, current medications, alcohol consumption, smoking, physical activity and dietary habits with a validated food-frequency questionnaire), physical examination, blood biochemical analysis, BP and anthropometric measurements and DXA evaluation. Participants were assigned to three registered dieticians and received a balanced hypocaloric IMD. They were also instructed not to modify physical activity (PA) behaviors during the 6-month intervention period.
All measurements were re-evaluated at each visit, in addition to a 30-min session with a dietician to verify dietary regimen compliance. During the intervention period, the same dietician conducted 10-15-min motivational telephone calls with participants to enhance dietary compliance.
This study was conducted in accordance with the Declaration of Helsinki guidelines and approved by a local ethical committee (''Tor Vergata'' University Medical Ethical Committee, Rome, Italy). Study design was clearly written in lay person language and provided to each study subject. All participants provided written informed consent to participate.
Diagnosis of MS
The MS was defined according to International Diabetes Federation (IDF) guidelines [6] . Diagnosis required central obesity, defined as waist circumference C94 cm for European men and C80 cm for European women, plus any two of the following four factors: TG level C150 mg/dL or specific treatment for this lipid abnormality; HDL cholesterol \40 mg/dL in males and \50 mg/dL in females or specific treatment for this lipid abnormality; systolic blood pressure (SBP) C130 or diastolic blood pressure (DBP) C85 mm Hg or antihypertensive treatment; fasting plasma glucose C100 mg/dL or previously diagnosed type 2 diabetes.
Diet Assessment
Dietary intakes over the past 12 months were collected by a validated food-frequency questionnaire that included 127 food items and three portion-size pictures for 17 items [19] . The alimentary diary and nutrient intake were analyzed using diet analyser software INDALI. Daily and weekly food intake in grams was calculated from food intake frequency and portion sizes. This information was used to assess the adequacy and adherence to MD.
Dietary intervention
Although there are many forms of MD, we used the Italian IMD, the so-called Nicotera Diet [18] . Total daily energy content of the diet was determined on an individual basis, taking into account RMR, calculated for the Italian population [20] .
The macronutrient's composition of the dietary regimen was as follows: carbohydrates (55-60 %); proteins (15-20 %, half comprised of vegetable proteins); total fat (less than 30 %; saturated fat \10 %; PUFA 6-10 %: 5-6 % of n-6 PUFA and 1-2 % of n-3 PUFA; MUFA about 15 %; trans-fatty acids \1 %; cholesterol consumption \300 mg per day), sodium chloride \5 g and 30 g of fibers per die. No alcoholic beverages were allowed except 100 ml/day of red wine. The weekly frequency of consumption of animal foods was 3-4 times for fish, 1-2 for meat, 1 for eggs, 1 for cheese. The daily intake of carbohydrates was mainly derived from wheat (pasta and bread), other cereals and legumes (at least 3 times/week). The daily intake of fruit and vegetables was more than 400 g. Extra-virgin olive oil was consumed daily in the amount of 20-25 g. No change in total energy intake (Kcal/day) was required during the experimental time.
The composition of the diet in terms of foods and food combinations was planned to obtain an animal to vegetable protein ratio as close to 1:1 as possible. Nutritional indices like the PRAL, renal NAE, CSI, GI, AI, TI and MAI were calculated for each individual diet by the dietetic software using published formulas [21] . We report the values of the above indices obtained by assuming a mean energy value of 6,5 MJ (1500 kcal). They were -17,7 for PRAL, 31,7 for NAE, 9,8 for CSI, GI \ 70, AI = 0,25, TI = 0,46 and MAI = 5.2. The IMD was evaluated by a dietetic software package (DS Medigroup, Milan, Italy).
Clinical and anthropometric measurements
Anthropometric measurements were performed according to standard methods after a 12-h overnight fast without clothes or shoes. Waist circumference was measured at the horizontal plane that corresponds with the narrowest point between the crest iliac and the bottom rib. Hip circumference was measured at the largest point when observed on a horizontal plane, and these circumferences were used to calculate waist-to-hip ratio. BMI was calculated as body weight (kg)/height (m) 2 . The BP was taken using a mercury sphygmomanometer from the right upper arm after the subject was seated quietly for at least 5 min (average of three measurements).
Dual X-ray absorptiometry (DXA) Body composition was determined by means of DXA (Lunar model DPX-IQ, GE healthcare) fan beam scanner. It assesses both whole and segmental body soft tissues, fat and lean mass, and bone tissue. Default software readings provided lines positioned to divide the body into six compartments (head, trunk, arms, legs, android and gynoid areas). For each region of the whole body, fat and lean body mass and bone mineral content were determined. Subjects were given complete instructions on the testing procedure (no exercise in the 24 h before the test, taking cotton t-shirt, shorts and socks). The coefficients of variation intra and inter subjects were 2.2 % for fat mass and 1.1 % for lean body mass. The effective radiation dose from this procedure was about 0.01 mSv.
Blood biochemical analysis
Blood samples (10 mL) were collected into sterile tubes containing EDTA (evacuated tubes), via vein puncture early in the morning (07:00-09:00) after an overnight fast (12 h) and were immediately placed on ice. Serum laboratory tests included fasting glucose, total cholesterol, HDL, LDL and TG at baseline and after 7 days. Fasting plasma glucose concentrations were measured using the glucose oxidase method with an automated glucose analyzer (COBAS INTEGRA 400, Roche Diagnostics, Indianapolis, IN, USA), serum lipid profile components were determined by standard enzymatic colorimetric techniques (Roche143 Modular P800, Roche Diagnostics, Indianapolis, IN, USA). Analyses were carried out by the accredited Clinical Chemical Laboratories of the Hospital of Nicotera, Italy. Atherogenic indices were calculated as follows: total cholesterol (mg/dL)/HDL cholesterol (mg/dL) (normal value \5 for men and \4.5 for women), LDL cholesterol (mg/dL)/HDL cholesterol (mg/dL) (normal value \3.5 for men and \3 for women), log [triglycerides (mg/dL)/HDL (mg/dL)] (normal value \0.5). Risk categories and target levels for total cholesterol/HDL cholesterol, LDL cholesterol/HDL cholesterol in primary and secondary prevention, stratified by gender, were considered [22] .
Statistical analysis
The probability values are two-sided; a probability value \0.05 was considered to indicate statistical significance. Statistical analysis was performed using a computer software package (SPSS for Windows, version 13.0; SPSS, Chicago, IL, USA).
Results
Patient characteristics:
At Baseline
Of the 105 obese patients enrolled, 80 were included: 21 were excluded because of non-compliance with the dietary regimen (poor adherence and motivation, inability to accept the checks provided, missing data on dietary intake during observational period, without reporting side effects related to dietary intervention) reducing the final evaluable cohort to 59 subjects (26.3 % drop out). Demographic and MS characteristics are summarized in Table 1 . Men and women were 25 and 34, respectively; mean BMI was 35.83 ± 4.26 kg/m 2 in male group and 40.60 ± 7.84 kg/ m 2 in female group. Mean daily dietary intake was 2010 kcal/day, macronutrient's composition of the dietary regimen was as follows: carbohydrates 55.4 %, proteins 17.6 %, total fat 27 %, fibers 21.3 g/day, cholesterol consumption 450 mg/day, fruits and vegetables 280 g/day.
At 6 months
Dietary intervention was associated with marked reduction in obesity at 6 months. Mean body weight decreased from 101.53 ± 18.60 to 92.41 ± 18.17 kg (p \ 0.001), as well as other obesity-related anthropometric parameters (BMI, waist and hip circumference and waist/hip ratio, Table 2 ). Physical activity levels did not change during the course of the investigation. Body composition analysis by DXA resulted in reduction in total body fat (p \ 0.001) and total body lean (p \ 0.001; Table 3 ). The body fat mass reduction was distributed to those regions where adipose tissue is metabolically active, such as trunk and android (waist) region.
MS components
After dietary intervention, the prevalence of the MS decreased by 56 % in men and 47 % in women. The BP, fasting blood glucose and triglycerides levels showed the most changes. Systolic BP decreased from 135.02 ± 14.61 to 123.72 ± 11.87 mmHg (p \ 0.001) as did diastolic BP (85.65 ± 10.07 to 76.01 ± 7.57 mmHg, p \ 0.001). A concomitant decrease in fasting plasma glucose (113.59 ± 21.42 
Correlation analysis
Waist circumference was positively correlated with fasting glucose, total cholesterol/HDL cholesterol index and Log TG/HDL-C index (Table 5) . DEXA-derived abdominal body fat was positively correlated with TG, total cholesterol/HDL cholesterol index and Log TG/HDL-C index.
To identify parameters linked to effects of MD to promote weight loss and reduce the growing burden of cardiovascular risk factors that typify patients with MS, we used a multiple regression model in which age, sex, and baseline waist are used as independent variables and delta of waist circumference (DWC) is used as the dependent variable. Using this analysis, age, sex and baseline waist circumference did not appear as independent and significant predictor of reduction in DWC (R 2 = 0.075; F = 1.49; p = 0.227).
Discussion
In this observational study, we found that a balanced hypocaloric (mean reduction in calories intake/day about 500 KCal) IMD in obese Italian patients was associated with multiple beneficial changes among obese subjects with MS. The results indicate that adherence to IMD, without implementation of additional physical activity, was associated with relevant reduction in prevalence of the MS by about half (-52 %) in obese subjects. The subjects were enrolled in obese-related diseases specialized center, thus the dietary intervention led to important improvement in central obesity, and, especially, reduction in atherogenic dyslipidemia, high BP levels and insulin resistance/glucose Parameters are expressed as mean ± SD NS not significant, SBP systolic blood pressure, DBP diastolic blood pressure, Total-C total cholesterol, HDL-C HDL cholesterol, LDL-C LDL cholesterol intolerance, which represent a group of risk factors for CVD and other diseases such as diabetes and cancer. Previous epidemiological and interventional studies have demonstrated the beneficial effects of the MD on the reduction in CVD, diabetes type 2, several types of chronic degenerative disease and cancers as well as cardiovascular and overall mortality [8, 23] . In the Attica study [24] , adherence to the MD was inversely associated with better fasting indices of glucose homeostasis in normoglycemic patients.
In a previous study, we evaluated differences in time trends of cancer morbidity and mortality in Nicotera, one of the Italian rural areas analyzed in the ''Seven Countries Study'', from 1960 to 1996. Progressive loss of traditional dietary habits and increased consumption of animal source and high-glycemic index foods led to an average decrease in MAI from 9.4 to 2.8 in males and from 11.4 to 2.5 in females over that period, in conjunction with a progressively increasing cancer incidence [25] .
The MD is a high carbohydrates/moderate-high fat pattern with a high monounsaturated/saturated fat ratio. It is characterized by a high consumption of cereals (e.g., pasta and other whole grain foods), legumes, fruits, vegetables, fish, olive oil, nuts, moderate consumption of wine, low-fat dairy products and low consumption of meat products, with specific recommended composition of the dietary regimen.
The types of carbohydrates consumed are important, especially with low-glycemic index (e.g., whole grains, legumes, vegetables). In several studies, whole grain and fiber intake was inversely associated with a lower incidence of the MS [26] and with improved insulin sensitivity, lower fasting and 2-h plasma insulin concentrations, lower total and LDL cholesterol [27] .
In a two-year dietary intervention trial, comparing effects of different diets (low-fat, restricted-calorie; Mediterranean, restricted-calorie; or low-carbohydrate, nonrestricted-calorie) on moderate obese subjects, the Mediterranean diet yielded the most favorable changes in fasting plasma glucose and insulin levels among diabetics [28] .
Olive oil is a prime component of the MD and excellent MUFA source. Substitution of energy intake from transfats for that from MUFA improves insulin sensitivity [29] . A similar protective effect against insulin resistance and diabetes has been observed in hyperlipidemic patients after isocalorical substitution of the energy intake from trans-fat for that from PUFA, whose main source is fish, an important component of the MD [30] . A diet rich in PUFA, especially the n-3 fatty acids, may also raise HDL cholesterol levels and lower triglyceride levels [31] . As regards, in patients affected by type 2 diabetes, Rizza et al. showed a significant improvement of endothelial function associated to reduction in pro-atherogenic and inflammatory markers (reduction in TNF-a levels and triglycerides, increase in adiponectin) after dietary supplementation with n-3 PUFA (fish oil), confirming antioxidant and anti-inflammatory properties of n-3 PUFA [32] .
In our study, the greater differences among the MS components during the observation period occurred in triglyceride and both systolic and diastolic BP levels. MUFA helps reduce BP levels, need of antihypertensive medication and risk of developing hypertension [33] . Another essential component of the MD is red wine, rich in polyphenols, whose beneficial effects on vascular homeostasis and oxidative stress may promote a better BP control.
Although not measured in our study, several studies have confirmed coexistence of low-grade chronic inflammation, adiponectin levels and insulin resistance in MS patients [34] . An inverse association was observed between typical Mediterranean food consumption (especially olive oil and nuts) and circulating markers of inflammation in patients at cardiovascular high risk [35] . The antioxidant and anti-inflammatory features of the MD may justify use to modulate oxidative and inflammatory burdens that trigger and promote metabolic abnormalities in the MS. Visceral obesity, main independent risk factor for MS development, contributes to a pro-inflammatory state through an overproduction of pro-inflammatory cytokines (e.g., interleukin-6), chemokines and acute phase proteins [36] .
In clinical practice, evaluation of body fat through measurements like BMI can lead to a considerable misclassification of obesity prevalence [37] ; therefore, it is necessary to adopt a standardized and reliable method for assessment of whole and segmental body composition. Of note, ''normal weight obese'' people, such as subjects, especially women, with normal weight and normal BMI but with elevated fat mass ([30 %), are exposed to an oxidative stress related to metabolic abnormalities occurring in obesity [38] that represent important risk factors for CVD development.
Globally, the prevalence of metabolic syndrome is increasing, largely because of obesity resulting from poor diets and sedentary lifestyles. Prevalence estimates vary widely between populations [39, 40] and 35 % of people in high-income countries [41] have metabolic syndrome. Furthermore, it has consistently been shown that the prevalence of metabolic syndrome increases with age [42] .
A recent meta-analysis of 13 studies including 3907 participants with metabolic syndrome indicates the benefits of both lifestyle and pharmacological interventions to reverse metabolic syndrome. Lifestyle interventions appear to be the most effective; however, the trials were too heterogeneous to be able to make firm conclusions about which aspects of lifestyle interventions, at a detailed level, are most effective [43] .
In the current study, a balanced hypocaloric dietary regimen based on the IMD was associated with reduction in waist circumference, BMI and total body weight at 6 months. The DXA confirmed that fat loss was localized in the abdominal region, where adipose tissue acts as a metabolically active organ to promote abnormalities leading to increased risk of CVD, diabetes and overall mortality.
Our study has several limitations that should be noted. This study was conducted in specialized obesity center, evaluating obese subjects by medical and nutritional experts focused on weigh management, and these results may not extend beyond such an environment. Furthermore, follow-up was limited to only 6 months of dietary intervention, and although compliance was good (74 %), the ability to maintain this rate for longer periods, as required to translate to disease prevention, is unknown. Clearly, additional studies are needed to assess longer-term benefits of dietary intervention, persistence of these improvements and required amount of antioxidants in the diet, which may further improve the effectiveness of dietary intervention.
This prospective study provides evidence that adherence to a typical IMD promotes weight loss and is associated with favorable effects on the metabolic abnormalities characterizing the MS.
The assessment of body composition through precise instrumental methods demonstrates the effectiveness of the MD to reduce fat mass, especially were adipose tissue shows metabolically active properties.
